Forage Quality Evaluation by CARLIER, Lucien et al.
  
 216 
Bulletin UASVM Agriculture, 66 (1)/2009 
Print ISSN 1843-5246; Electronic ISSN 1843-5386 
 
Forage Quality Evaluation 
 
Lucien CARLIER1), Chris VAN WAES1), Ioan ROTAR2),  
Mariana VLAHOVA3), Roxana VIDICAN2) 
 
1)Institute for Agricultural and Fisheries Research, Unit Plant: Crop and Environment,  
Van Gansberghelaan, 109, 9800Merelbeke, Belgium; lucien.carlier@ilvo.vlaanderen.be 
2)University for Agricultural Sciences and Veterinary Medicine, Cluj-Napoca, Romania 
3)AgroBioInstitute, Sofia, Bulgaria 
 
 Abstract: The challenge for the research in crop and animal husbandry is how to determine the 
quality of a specified crop as a forage for ruminants by the chemical analysis of only a small amount of 
sample". Since more than hundred years scientists try to give an answer to that question. The most applied 
is the Weende and Van Soest system, together with the digestibility in vitro technique developed by Tilley 
and Terry. During the last decennia also  non destructive methods, like the Near Infrared Reflectance 
Spectroscopy NIRS, are used more frequently. Forages contain a lot of quality parameters (protein, fat, 
sugars, structural carbohydrates, vitamins, … but some of them contain also anti quality components 
(alkaloids, nitrates, …). The diet of domestic ruminants exists of more than only 1 component. Other diet 
components may interfere and mostly result in a synergism. The combination of a protein rich forage 
(legumes) with starch riches ones results in better animal productions than given as sole diet component. 
Fast and reliable non destructive methods are more attractive and acceptable than laborious, polluting and 
animal unfriendly ones.   
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INTRODUCTION 
 
 More than a century ago, research workers were already interested to understand and to 
describe the quality of forage for cattle. The problem was "How to determine the quality of a 
specified crop as a forage for ruminants by the chemical analysis of only a small amount of 
sample?". Not only for the food industry but also for the breeding of forage crops, the indication 
of effective quality parameters would be a great help in the improvement of the quality of forage 
crops and feed mixtures (concentrates). For the farmer himself it would be a good help to adjust 
the rations for his animals to their milk and meat production capacity.  
 The following contribution will give an overview of laboratory methods and systems for 
evaluating the feeding value of forage crops by the characterization of chemical parameters. 
 
SAMPLING AND PREPARATION OF THE SAMPLES FOR ANALYSES 
 
The first and most crucial point is sampling a forage crop so that the sample represents 
and characterizes fully the forage crop: proportionally stems, leafs, heads, flowers, …  Direct and 
fresh analysing this sample is the most indicated and surest way for a correct chemical 
characterisation. Although it is not always possible to analyze the sample directly. Mostly some 
precautions have to be taken before the analyses in the laboratory can be done. Drying (duration 
and temperature conditions) may change the chemical composition, volatile components may be 
lost and Maillard reactions may change the carbohydrate structure and content (Carlier and Van 
Hee 1971) and soil contaminated samples may interfere with the determination of the inorganic 
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components.   
Be sure that the sample, that has to be analyzed, represents the average composition of the 
forage under investigation. Therefore also the grinding, after the drying process, is a very 
important activity of the sample preparation. Storing in an acclimatized area must keep the 
samples in the best conditions before analyses can be performed. 
   
THE RUMINANTS WORLD 
 
It is commonly accepted that forages, fail as adequate feeds for high producing ruminants, 
like dairy cows giving 40 liters per day. With dairy cows, high milk productions can not be 
achieved from forage only diets, as milk yields commensurate with the animals genetic merit. As 
demand increases for animal products of defined protein and fat contents, forage content in the 
diet is unlikely to increase and high energy and protein feeds of non-forage origin must be fed. If 
however we could recognize where the current forages fail as adequate feeds for high producing 
ruminants, it may be possible to reverse that trend by breeding forages with improved characte-
ristics which more closely reflect the animals requirements for specific nutrients. Than it should 
be possible to establish better guidelines for plant breeders to provide novel forages which more 
adequately reflect the nutrient demands of high producing ruminants. 
The criteria by which forage breeding programmes should be directed towards improving 
animal performance have not yet been established, in part due to the obsession to judge the 
nutritive value of forage in terms of digestibility of nutritional components such as organic 
matter, with almost no regard for the composition of individual nutrients. Otherwise plant and 
animal scientists, involved in the production and utilisation of forage, have not communicated 
adequately. The most frustrating for breeders is that they mostly don't receive clear answers on 
their questions they rise to their colleagues animal scientists for the most relevant breeding topics. 
How they can breed for intake if here is no evidence and good relationship to a characteristic 
(chemical) heritable parameter in the forage crop ?   
 
- carbohydrate digestion by ruminants 
As the rumen is the principal site of forage digestion, carbohydrates are involved in two processes 
of the resident micro-flora. 
The first, and often rate limiting step is the degradation of the carbohydrate polymers to simple 
sugars. With fructosans from grasses this process is very rapid, but the rate of hemicellulose and 
cellulose degradation is influenced by the degree of lignification and in particular the cross 
linkages between lignin and hemicellulose. 
 
The second stage of carbohydrate utilisation involves microbial metabolism on the released 
monosaccharide. Monosaccharides in excess of microbial requirement may be fermented and 
whilst the VFA (volatile fatty acids) produced will be available to the host animal, the associated 
production of methane and fermentation heat will represent loss of energy to the animal.  
   
  Acetate and butyrate production predominate on high fibre diets (like hay), associated 
with a net production of hydrogen, which is converted to methane, leading to an overall loss of 
carbohydrate energy not accounted for as VFA. Production of propionate increases on diets 
containing significant amounts of readily fermentable carbohydrate (soluble sugars, starches and 
pectins) but this reaction requires hydrogen and thus methane is not produced (like with fresh 
grass). 
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- protein digestion by ruminants 
We all know that cattle grazing on pastures dominated by perennial ryegrass and white clover 
give considerable losses of diet nitrogen, in both faeces and urine. Although the efficiency of 
microbial protein synthesis on freshly consumed forages is satisfactory, it is the total yield of 
microbial biomass that may be compromised in relation to available energy and N supply as a 
consequence of microbial degradation in the rumen. 
Tannin containing forages, like legumes, may improve the small intestinal absorption of 
amino acids. This seems to be related to the formation of a tannin-protein complex within the 
rumen, which either protects some of the diet protein from degradation or retards the rate of 
protein degradation in the rumen such that energy and protein availability for microbial growth 
are in closer synchrony. High tannin concentrations however may result in a depressed feed 
intake. 
In the case of silage making, a large proportion, and often all, of the readily - available 
carbohydrate will be fermented within the silo to yield lactic and acetic acid, which cause the pH 
of the silage to fall. At the same time, plant proteases which express optimal activity at different 
pH values will degrade a substantial proportion of the readily available protein to consecutive 
amino acids. This represents a serious loss of protein per se, whilst some of the N containing end 
products (putrescine, cadaverine) may have pronounced pharmacological effects upon the animal, 
possibly resulting in depressed feed intake. 
Undoubtedly, one of the major problems of grazed and conserved grass and legumes is 
the reduced efficiency of protein utilisation. This can be largely attributed to impaired rumen 
function as influenced by nature of the diets fed, and unbalanced supplies of carbohydrate and 
"protein" to support microbial metabolism, as found in many forages. It is of crucial importance 
in any system of animal production, based on forages to optimise rumen function, whereby 
microbial metabolism is not compromised and the transfer of ingested nutrients to absorbed  
nutrients is optimised. This is essential if maximum forage intake is to be achieved, and only 
when the requirements of the rumen have been fully met, should consideration be given to the 
provision of nutrients which are likely to by-pass rumen fermentation. 
Therefore breeding programmes must concentrate their efforts to improved carbohydrate 
availability and more controlled protein degradation and give less attention to yield and 
digestibility. Because we already reached a high level, digestibility is no longer a priority 
selection criteria for grasses. Ideally, grass should contain up to 50 % available carbohydrates and 
about 12 % protein of 100 % availability; so one the one hand look like maize and on the other 
hand like red clover, but still remain perennial and grazed like a pasture. Is this wishful thinking, 
nonsense or just a dream ? 
 
DETERMINATION OF FORAGE QUALITY PARAMETERS 
 
A. DESTRUCTIVE METHODS 
 
1. the Weende scheme 
 
HENNEBERG and STOHMANN developed already in 1857 in Germany the WEENDE 
scheme for the chemical analysis of roughage. Their system was based on the split up of a forage 
sample in "crude protein", "crude fibre", "crude fat" and "crude ash", while the other part, the 
undetermined rest, was classified as "nitrogen free extractive substances". This last category was 
calculated as 100 minus the other four above mentioned parts. As a result all the faults due to 
these determinations were accumulated in the "nitrogen free extractive substances". 
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Therefore this fraction is called the "dustbin" of the Weende system. Crude fibre contains the 
cellulose and some part of the lignin fraction. This rather badly determined composition is one of 
the most important criticism of the Weende system. 
In the broad sense their exists a negative relationship between the crude fibre content and the 
digestibility and energy value of a forage. However the correlation is not always quite good. 
Nevertheless hundreds of correlations were calculated and published to find and to prove the 
relationship between the requirements of cattle for maintenance and production in terms of 
"protein" and "energy" and the above mentioned parameters. Specially the way of calculating the 
energy value of a forage as "starch value" by KELLNER und BECKER, based on the Weende 
system, was highly appreciated. Their book "Grundzüge der Fütterungslehre" (e.g. 13 ed. 1962) 
was very helpful for people that couldn't analyse forage samples, because of the well documented 
tables with quality figures of the most different crops, fodders and industrial by products (e.g. 
sugar beet pulp, swill...). 
At the end of the seventies, new energy systems, based on the energy content (kcal) and 
on the digestibility of the forage were introduced. Nowadays we speak about the net energy for 
lactation or the net energy for meat production. Frustrating is however that the way of expression 
differs between countries, so that comparison of research results can be difficult. So there is the 
French system, the Scandinavian one, a Dutch-Belgian one, a German one ... 
  Although in the last years, the crude protein content became more and more criticised as 
parameter related to the protein requirements of cattle, it still remains the basis to calculate the 
new developed "protein digestible in the small intestine".  
To avoid nitrogen excess in the diet of the cow, resulting in nitrogen losses in the environment by 
ammonia volatilization from the excreta, an other criterion : "the unstable protein balance" is 
used. Also this is based on the determination of the total nitrogen (crude protein) content of the 
forage crop. 
So in modern cattle husbandry only the determination of the total ash and crude protein 
content from the Weende system still remains. 
   
2. The Tilley and Terry digestibility. 
 
The relationship between the "crude fibre" and the digestibility of the organic or dry 
matter lasted for more than hundred years, till the English investigators TILLEY and TERRY 
developed in 1963 an alternative based on the "microbial digestion" by rumen fluid (from sheep) 
and the enzyme pepsin on a forage sample, during a well determined time (48 hours rumen fluid 
and 48 hours pepsin) at normal animal body temperature (38 °C). This method, called "the in 
vitro digestibility", is nowadays well known and practised all over the world. 
However, some years later, some tried to develop "digestibility" systems based on the use of 
enzymes alone, instead of handling sheep with fistula. JONES and HAYWARD (1973) devel-
oped a system based on the "digestion" by two consecutively used enzymes: cellulase and 
pepsine. This system has the disadvantage that the direct relation with the animal is broken again. 
Moreover, the origin of the enzymes is, due to their "activity" extremely important (Clark 
and Beard 1977). Besides sheep, also cows are used as donors of rumen fluid. Cows have the 
advantage that, due to their big fistula, tenfold of samples enclosed in nylon bags, can be dropped 
in the rumen. The mesh width and the quality of the nylon however may cause troubles while 
comparing the results of different labs. 
These "in vitro" digestion techniques were and are still used to calculate the digestion rate 
as a measure for the biodegradation of forage crops and so also as a measure for the "ad libitum" 
intake capacity by the animal. The idea hereby is that, the faster a forage is degradable the sooner 
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space is free for the degradation of new material. This is the so called "physically" determined 
intake. 
Mostly it is accepted that the intake of a forage is physically regulated if the digestibility 
of the organic matter (DCos) is lower than 67%. The intake is regulated chemo statically above 
this 67% Dcos (Bull et al. 1976). So grazing (leafy young) grass in the pasture, the grass intake of 
the cows will be regulated chemo statically. 
An example of this is the higher intake of grazed tetraploid ryegrass varieties in 
comparison to their originating diploid ones, in terms of fresh material. The intake in terms of dry 
matter however is the same; the dry matter digestibility on both ploidy levels equals (tetraploids 
have about 2% more soluble carbohydrate and 2% less cell wall content in the dry matter), but the 
dry matter content of the tetraploid varieties is on average 2 % lower (Carlier 1974). 
 
3. The Van Soest system. 
 
A total other approach was developed by the American VAN SOEST in 1963. He stated 
that the "cell content" of forage is practically 100 % digestible and that the "cell wall" is a 
measure for the less digestible part. The cell content contains - total ash, protein, fat, non 
structural carbohydrates, organic acids, enzymes, etc. The cell wall (NDF) refers to the 
hemicellulose, the cellulose and the lignin of the forage. In this technique, lauryl sulfate is used as 
a dissolvent to dissolve the cell content, so that only the cell wall (=NDF) remains. By using 
"acid detergent" (based on sulphuric acid and cetyl trimetylammonium bromide) one determines 
the ADF content (= cellulose + lignin) and by using afterwards sulphuric acid and permanganate, 
one determines cellulose and lignin. 
The cell wall content is considered as a better parameter to predict the intake than the 
DCos (digestibility coefficient of the organic matter) does. From many publications one can 
conclude that this cell wall content is a good parameter to determine the forage quality, the dry 
matter intake and the milk production. Nevertheless there exists a large variation among the 
animals, partly due to the lignification of the forage, which negatively correlates with its 
digestibility.  Therefore not only the cell wall content but also the cell wall volume and the 
degradability of it seems to play an important role in the forage linked factors affecting the intake. 
Lignin, a major structural component of the secondary cell wall has a very complex 
structure and composition, especially in grasses. The presence of hydroxycinnamic acids in the 
cell walls represents an additional complexity and raises the question of their involvement as 
lignin components. Lignin remains difficult to study structurally and biosynthetically and there 
are still many open questions concerning their physiological roles, their large heterogeneity and 
interactions with polysccharides in the cell wall. 
Lignification of the cell wall is a major deterrent to microbial digestion, which accounts 
the significant interest in modifying the biosynthesis of lignin. Its content of maize, known as a 
brown midrib mutant is reduced, resulting in an improved digestibility. A similar mutant has been 
induced in sorghum too (Dennis et al., 1980). Already in 1983, Howerth and Goplen suggested 
that the search for low lignin mutants should be extended to perennial grasses and to legumes as 
well. Nevertheless such effect – reduced lignin content or altered lignin composition, which 
improves its extractability, was achieved by down regulation of genes encoding key enzymes of 
lignin biosynthesis along the common phenylpropanoid pathway (Atanassova et al.,1995; 
Piquemal et al., 1998) or that of the lignin specific branch (Halpin et al., 1994). Modifying the 
expression of two genes of this branch - CCR (cinnamoyl CoA reductase) and CAD (cinnamyl 
alcohol dehydrogenase) seems to be more appropriate for this purpose (Boudet et al. 1995) and 
opens the way for creation of high quality forage plant varieties.   
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Tab. 1 
Comparison of the Van Soest and the Weende scheme for an average perennial ryegrass sample 
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Specific chemical characteristics for grass 
- unsaturated fatty acids 
Grass contains relatively high concentrations of the ω 3 (9-12-15) unsaturated fatty acid 
(C18:3 n-3) linolenic acid. Micro organisms, present in the ruminants rumen may, by their 
enzymatic activity, transform this linolenic acid into conjugated linoleic acid: CLA. This has two 
unsaturated areas, on position cis9 and trans11. This unusual structure is associated with 
remarkable characteristics. The most remarkable are the healthy ones : body fat will be decreased 
while muscle tissue is increased. As a result, consuming milk and meat from grazing cattle, 
human beings get these very important conjugated linoleic acid. The consumption of meat and 
milk is therefore recommended as anti carcinogenic.    
The unusual structure of UFA’s (Unsaturate Fatty Acids) is associated with remarkable 
characteristics: the fat and protein metabolism of men’s body is regulated by forming more 
muscles and less fat. 
Milk and meat of grazing animals contains CLA’s (isomers of linoleic acid) and have a 
superior feeding value for people.CLA’s and a low concentration in ω-6:ω-3 fatty acids (relation 
< 5) have an anti-teratogenic potential (abnormalities) or anti-carcinogenic, while saturated fatty 
acids and « trans » acids have negative effects on men's health. 
But the relation ω-6:ω-3 fatty acids in the milk is doubled if more concentrates are 
consumed by cows and also after the grazing season when cows stay in the stable with conserved. 
There is a potential to exploit: the superior quality of products produced by grazing animals.  
In an experiment at ILVO (2008) we found a quiet large variation in ω-3 fatty acids 
content in grass, red and white clover varieties (table 2). 
 
Tab. 2 
ω-3 fatty acids content in grass, red and white clover varieties 
 
ω-3 fatty acids content: g/kg dry matter (directly determined in fresh status) 
 average lowest highest 
24 grass varieties 15,3 7,6 22,3 
3 white clover  17,8 15,5 16,7 
  
 222 
4 red clover varieties 23,5 17,8 30,2 
 
While wilting and drying on the field, after cutting, a lot of the ω-3 fatty acids content is lost. Taking samples in the 
field and drying them artificially in a stove at 70°C during 24 hours results in a loss of around 30% of the ω-3 fatty 
acids content. 
 
- Saponins 
Saponins are naturally occurring compounds that are widely distributed in all cells of 
legume plants. Saponins, which derive their name from their ability to form stable, soaplike 
foams in aqueous solutions, constitute a complex and chemically diverse group of compounds. In 
chemical terms, saponins contain a carbohydrate moiety attached to a triterpenoid or steroids. 
Saponins are attracting considerable interest as a result of their diverse properties, both 
deleterious and beneficial. Clinical studies have suggested that these health-promoting 
components affect the immune system in ways that help to protect the human body against 
cancers, and also lower cholesterol levels. Saponins decrease blood lipids, lower cancer risks, and 
lower blood glucose response. A high saponin diet can be used in the inhibition of dental caries 
and platelet aggregation, in the treatment of hypercalciuria in humans, and as an antidote against 
acute lead poisoning. In epidemiological studies, saponins have been shown to have an inverse 
relationship with the incidence of renal stones. Saponins have a bitter taste, and are considered 
toxic in large amounts, which is why the water from soaked legumes should be discarded, and 
fresh water added, before cooking (e.g. beans). Thermal processing such as canning is the typical 
method to process beans. Saponins are thermal sensitive. During soaking and blanching, portions 
of saponins are dissolved in water and lost in the soaking, washing, and blanching liquors.  
In red and especially in white clover and in alfalfa (lucerne)  saponins are present in relative high 
concentrations up to 10 g/kg fresh weight. Legume saponines reduce the methane production in 
the rumen and have therefore a positive effect on the green house gas GHG effect. Cows grazing 
on grass-legume based grasslands present less methane emission. 
 
- Grass intake by ruminants    
One of the most important parameters, well linked to the intake is missing in this 
descriptive overview. Until now an overall fitting parameter that is able to predict the intake of 
a forage can't be given. 
Besides cafeteria tests and laborious intake trials with animals no alternative gives 
satisfaction in all circumstances. Although for a breeder it is of high importance to have an idea 
about it; therefore research is going on to find a solution. In general the following relationships 
are common accepted (table 3): 
 
Tab. 3. 
Relationships among quality parameters in forages 
 
 
parameter 
 
digestibility 
 
intake 
 
crude fibre 
 
-   - 
 
- 
 
crude protein 
 
+ 
 
+ 
 
cell wall 
 
-  -  - 
 
-  - 
(- means a negative relationship, + a positive relationship and  - - - a very significant negative relationship)                 
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Practical considerations. 
1) Of practical importance is the result of supplementary or complementary distributed forage 
crops and concentrates to ruminants on the overall digestibility of the total diet. Will there be a 
kind of synergism, resulting in a better digestibility, a better uptake and use of some chemical 
constituents in the animal body, a better efficiency of the distributed forages and concentrates ? 
Or will the digestibility of the diet only be the average of the constituent parts. This field of 
research is rather new. 
2) The climatic conditions predominate the choice of growing forage crops under practical 
circumstances. In North Western Europe, perennial ryegrass is well adapted, giving high yields, 
having a good chemical composition and high in digestibility, grazed quite well, resulting in high 
daily growth rates (1 kg ) and good daily milk production (22 liters). 
 
This type of grassland management gives the farmer a big advantage because the cattle 
themselves harvest, transport and convert the fresh grown grass into meat or milk resulting in a 
lower cost price of these products in comparison to forage crops that must be harvested, 
transported and processed (making silage or hay) by the farmer himself.  
Also in research it is of great importance to take in account the economical impact of the growing 
forage crops on the cost price of  farm produced products.  
Under Mediterranean and Central European growth conditions other forage crops has to be 
chosen because of constraints due to drought and/or frost. In these countries leguminous forage 
crops, like lucerne (alfalfa) are more adapted. It is well known that leguminous forages are better 
consumed than grasses (intake 10 - 15 % higher), but their digestibility is much lower (Carlier 
1995). 
Research is going on to improve the forage quality (digestibility, intake ...) on two ways : 
  1) the classical breeding and crop husbandry 
  2) biotechnology and genetic engineering (but acceptance degree of EU consumers for GMO’s). 
 
Inorganic components. 
Special attention must sometimes be given to the inorganic part of a forage crop in terms 
of a well balanced ratio for ruminants. The macro-elements potassium, sodium, calcium, 
magnesium and phosphorus play important roles in the structural and physiological processes in 
the animal body. Although fertilisation has a big influence on the mineral content of a forage 
crop, some minerals have also a heritable linked origin.  
Years ago one looked for a better ratio K/Ca+Mg in order to overcome health problems with 
grazing cattle, especially in springtime (Grunes et al. 1970). It was found out that a low 
magnesium content in grass gave rise to a low magnesium content in the cattle blood, causing 
tetany. More recently also aluminium was indicated to be involved in grass tetany of ruminants 
(Allen and Robinson 1980).  
The potassium content can easily be influenced by the fertilisation of a forage crop and 
due to its negative relationship with sodium also this content will change.  
Also the content of phosphorus, calcium and magnesium can be influenced to some 
extend by the fertilisation of the crop, but much less than in the case of potassium.  It is of interest 
to notice that the Ca/P ratio is important for keeping the herd well fertile 
The micro-elements like manganese, cobalt, cupper, molybdenum and others are 
necessary to catalyse specific reactions in different pathways of the biosynthetic systems of the 
animal body. Special attention has to be given in practice to the uptake of these elements from the 
soil solution into the forage crop by the root system. 
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It is well known that the solubility of these micro elements is pH dependent. If the pH is 
too low or too high (for grassland the best pH-KCl is situated between 4.8 to 6.5) these elements 
are immobilized in the soil and can't be taken up by the plant, resulting in deficiencies. 
 
B. NON DESTRUCTIVE METHODS 
 
All the above mentioned quality parameters has to be determined in the laboratory by 
chemical destruction of the sample. This means that the sample is no more available after the 
analysis  for an eventual repetition of the same analysis or for other chemical analyses. Besides, 
chemical products (acids, bases or enzymes) or animals are necessary in this kind of qualification 
process. In a fast changing society one has to examine more environmental and animal friendly 
techniques to evaluate the forage quality. But many attempts e.g. to predict the forage quality by 
measuring the resistance while grinding a forage sample however was not a big success. 
It is the merit of Norris et al. (1976) to use the spectrum, that presents a forage sample 
after radiation with near-infrared light, to predict all kinds of characteristics like protein, fat, ash, 
cell wall, lignin content, digestibility, etc. with one and the same sample ! And after this 
manipulation the sample still exists like before, without any change. 
Being radiated, a forage reflects, absorbs and transmits some part of the radiated infrared light 
energy of specific wavelengths, due to its chemical structure  and composition. 
The relationship between a certain characteristic (e.g. protein) and the spectrum of the reflected 
part of the radiation is linked to the specific chemical groups and molecular binding structures in 
the forage. This near-infrared reflectance spectroscopy (NIRS) technique is since the last ten 
years a more and more common practice in forage analyses techniques. Most NIR instruments 
used for forage evaluation, cover the 800 nm  to 2500 nm part of the spectrum. 
Powerful computer programmes, based on specific biometric models, like that of the principal 
components, are developed by Westerhaus (1989) and Shenk and Westerhaus (1991) so that stan-
dardisation of the apparatus can be realised and calibrations to predict specific quality parameters 
can be set up. The standardisation and development of calibration lines is the most important task 
in this new NIRS technique. 
The accuracy and reliability of the prediction of e.g. the protein content of a sample by 
this NIRS technique is totally dependent of the accuracy and reliability of the determination of 
the protein content on the classical way. In this case one has to rely upon a good Kjeldahl analysis 
technique. 
Indeed the NIRS technique is good or bad depending on the lab analysis with which the spectra 
are standardized and calibrated. To elaborate a good calibration line, one needs the classic 
chemical analyses of hundreds of samples to cover a wide range of the content of the  parameter 
involved. 
  This direct spectroscopic, non destructive, method needs no chemicals, no animals and 
gives no waste. Moreover, the technique is very fast and reproducible and the samples need only 
a little preparation. The grinding of the samples must be done always by the same mill, because 
particle size has an influence on the spectra (figure 1).  
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Fig. 1. Characteristic NIRS scan from different forages 
 
Characteristic parameters of NIRS calibrations developed at ILVO Plant Crop Husbandry 
and Environment for grasses, based on the wet analyses of 1256 grass samples are given in table 
4. 
 
Tab. 4 
NIRS calibrations developed at ILVO Plant Crop Husbandry and Environment for grasses, based on the wet 
analyses of 2127 grass samples 
 
Parameter Minimum - Maximum SEC R² 
% dry matter 90,0–98,5 0,33 0,95 
% crude protein 6,4–27,8 0,42 0,99 
% soluble carbohydrates 3,6–37,0 0,93 0,98 
% digestibility 40,8-85,1 1,82 0,95 
SEC : Standard Error of Calibration (g /100 g) 
R² : Determination coefficient 
 
 
C. CHANGES IN CHEMICAL COMPOSITION IN GROWING FORAGE CROPS 
 
As already mentioned above the digestibility of the organic matter of a forage is one of its 
most important characteristics. In literature one can find that the general agreed positive 
relationship between digestibility and intake, doesn't always function above an organic matter 
digestibility of 70 % and even can become negative (van Vuuren 1994). One presumes that this 
phenomenon has to do with the degree of rumen filling. 
Sometimes the question is risen if it is still worthwhile and necessary to involve the 
digestibility as a criterion in the selection and breeding of forage crops. Opponents pretend that 
the level of digestibility of most forage crops, harvested at a reliable growth stage, is so high that 
other quality parameters become more important and deserve more attention. 
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Against the background of the complex chemical structure of forages the estimation of 
overall digestibility of the organic matter can never be an adequate assessment of forage nutritive 
value. 
Calier and Andries (1978) described very well the changes of different chemical 
parameters during the development of italian ryegrass (Lolium multiflorum L.), going from the 
leafy growth stage at the beginning of May to the stemmy growth stage in the middle of June. 
During this growth phase of grass, the cell content and so the content of protein, soluble 
carbohydrates and ash decrease while the cell wall content (NDF) and so the content of acid 
detergent fibre (ADF), hemicellulose and lignin increase resulting in a decrease in digestibility of 
the forage as a whole (dry matter digestibility). 
Carlier and Andries (1978) concluded that all mentioned components change over a rather 
large range during the transition from the vegetative to the generative growth stage. This gives 
the farmer some choice to harvest good quality grass. For breeding purposes it is not quite clear if 
some differences in chemical composition are also heritable. 
The most remarkable drops in digestibility are shown by crude protein, crude fibre, NDF 
and ADF. The relative contribution of most of the above mentioned quality parameters is shown 
in the figure by the marked slightly sloping lines, e.g. at the dry matter digestibility of 72 % the 
relative contribution is 50 % for both digestible cell walls and cell content, each contributing 
absolutely 36 % of the dry matter digestibility. 
The relative and absolute contribution of the digestible cell content and protein content 
decrease rapidly during grass growth, while the contribution of ADF, crude fibre and 
hemicellulose increase slowly and then remain equal. The relative contribution of the digestible 
cell wall and nitrogen free extractive components increase fast at the beginning. The absolute 
contribution of the digestible cell wall and nitrogen free extractives to the total dry matter content 
show a maximum in the middle of the development stage, afterwards the absolute contribution 
decreases.
For the breeder it is a "conditio sine qua non" that he is sure that his breeding goal for 
quality is of a heritable origin. Breeding for a better digestibility in perennial ryegrass is 
nowadays critical, because the difference in digestibility between the best and worse variety in 
the same growth stage is lower than 3 % (De Vliegher and Carlier 1994), while the laboratory 
test methods are only able to explain differences in the order of magnitude of 2 %. For maize on 
the other hand, the differences in digestibility are bigger and breeding for a higher digestibility is 
here of great interest. Other parameters, like the water soluble carbohydrates and the protein 
content are less heritable and their content is more or totally related to the growth conditions 
(temperature, light, rainfall, fertilisation etc.)  
 
D. ANTI-QUALITY COMPONENTS 
 
Besides all these quality parameters of forages, there exist also anti-quality components. 
Their presence in forages have a negative influence on the animal behaviour and its 
performances in terms of milk and meat productions. One can refer to hydrocyanic (prussic) acid, 
saponines, glucosinolates, alkaloids, nitrate...  
- alkaloids.  
In ryegrass (Lolium spp.) and festuca species (Festuca arundinacea, Festuca pratensis), 
the presence of some alkaloids, like perloline were demonstrated (Carlier and Andries 1984) as a 
reaction of these species on the presence of endophytes. In lolium species the endophyte 
Acremonium loliae and in Festuca species, Acremonium coenophialum were found. Especially 
In New-Zealand there is a great interest for these infected species, because in their growth 
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circumstances it was proved that such grasses resisted better stress conditions, caused by drought 
and diseases. 
In the USA however, endophyte infected tall fescue (Festuca arundinacea) resulted in an 
increased body temperature of the grazing animals and a reduced growth rate.  
Endophyte infected perennial ryegrass was found in Belgian native perennial grassland. 
Trials carried out with this infected grass gave no special advantages in comparison with non 
infected varieties. Finally it was concluded that only above a temperature of 23C the endophyte 
infected grasses show some specific reactions. (Baert et al. 1994). 
Also in other European countries, like France, the Netherlands, Great-Britain, Germany, 
Slovakia, etc. these endophytes were detected too. About the way of infection and dispersion, it 
seems that the endophyte moves also to the generative parts of the grass and remains in the grass 
seeds alive for some years, if stored at low humidity and temperature. 
 
- Nitrate  
Nitrate may accumulate in forage crops because of a high fertilisation with nitrogen. 
Specially root crops like fodder beets and turnips may accumulate nitrate, resulting in 5-6 % 
nitrate in the dry matter (Carlier et Cottyn 1971) . 
Distributed to cattle these forages with high nitrate contents are dangerous because of 
nitrate poisoning. The reduction of nitrate to ammonia in the rumen of cattle is bottle necked at 
the nitrite level reduction, resulting in a conversion of the oxygen transporting Fe3+haemoglibine 
to the non oxygen transporting Fe2+methaemoglibine. When the ratio haemoglobine/met-
haemoglobine becomes critical, cattle will die because of oxygen shortage (Kemp et al. 1977). 
Grasses may also accumulate nitrate, but on a much lower level. In grass hay and pre-wilted 
silage we found up to 2 % nitrate in the dry matter, which also can be dangerous for cattle when 
fed in big quantities in one gift. Under grazing conditions the nitrate content of the grass is 
always lower, because grazed grass is less nitrogen fertilised than grass for cutting. On the other 
hand cattle take time to graze the grass, so that also the nitrate intake is better spread over a 
longer period by which also the nitrate (nitrite) accumulation in the rumen is never critical. 
Under grazing conditions nitrate poisoning seldom takes place; and only if cattle are 
supplemented with nitrate containing forages the risk is real (Geurink et al. 1982). 
In maize, although mostly well and even over-fertilized with manure or slurry, the nitrate 
content is lower than 1 % in the dry matter. Maize doesn't react on high nitrogen fertilization and 
never accumulates nitrate to critical concentrations. Therefore maize is a very good forage to be 
given in combination with forages, higher in nitrate content, to cattle because of the dilution 
effect. 
 
- Hydrocyanic (prussic) acid  
Prussic acid is an anti-quality component in white clover, causing bloat in cattle. Between 
varieties there is a rather big difference and breeding may result in lower contents.  
In oil seed rape (Brassica napus L.), the last decades double 00 varieties were developed, 
low in glucosinolate and erucic acid. While erucic acid deteriorates the function of the thyroid 
gland in the human being, the glucosinolates remaining in the cake after extraction of the oil, 
have a negative influence on the animal production capacity. Here also breeding was very 
effective in decreasing both parameters almost to a zero level. 
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Top 10 quality parameters in forages   
To conclude this contribution about the quality of forage crops, the following criteria for 
grasses can be given in decreasing order of importance, although sometimes the ranking is 
changed, according specific requirements and requests of the breeder  
 
1. easy destruction (degradability) 
2. high content of non structural carbohydrates 
3. appetite 
4.  high fat content  
5. high digestibility (low lignin content) 
6. high content of  "protected" proteins 
7. low content of anti quality components (e.g. alkaloids) 
8.  erect growth habit 
9. balanced mineral content 
10. high content in S-amino acids 
     
It is not always simple to find out which part of a determined and analyzed content of a quality 
parameter is due to heritable factors and which part is due to environmental factors like 
fertilization, season, growth stage, etc. 
For a breeder this is an extra handicap. 
Finally the practical farmer, his advisory service and the foodstuff industry need a simple 
effective evaluation system, adapted to predict the animal performances in terms of daily growth 
for young animals, maintenance and milk or meat production for milking cows, fattening cattle, 
sheep and goats.  
It's a pity that almost each country has its own feeding value system, so that this gives rise to 
confusion, although all the systems for evaluating the energy value are based on the same notion 
: "digestibility". 
 
It is the task of the scientific world to come to a better understanding of the intricate 
processes going on in the animal body so that this animal can be better fed in order to fulfil its 
requirements to the point. Let's although be serious : it is impossible to generate all the needs and 
requirements for all kinds of ruminants, just in the optimal relationship and just in time in only 
one forage crop. 
It is wondering to hear discussed that grass should more look like maize, containing more starch 
looking carbohydrates and  less protein digestible in the rumen, but more in the small intestine. 
And what then about maize, fodder beets, lucerne and clovers. Can genetic engineering bring 
some clearness in this discussion ? 
 
CONCLUSIONS 
 
It is the task of the scientific world to come to a better understanding of the intricate 
processes going on in the animal body so that this animal can be better fed in order to fulfil its 
requirements to the point. Although it is impossible to generate all the needs and requirements 
for all kinds of ruminants, just in the optimal relationship and just in time in only one forage 
crop. 
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Forage crops contain a lot of components well adapted for the ruminants welfare, their 
maintenance, their production, but some contain also anti quality components. For these 
components precautions always have to be taken in consideration.  
The relative and absolute contribution of the digestible cell content and protein content 
decrease rapidly during grass growth, while the contribution of ADF, crude fibre and 
hemicellulose increase slowly and then remain equal. The relative contribution of the digestible 
cell wall and nitrogen free extractive components increase fast at the beginning. The absolute 
contribution of the digestible cell wall and nitrogen free extractives to the total dry matter content 
show a maximum in the middle of the development stage, afterwards the absolute contribution 
decreases. Be sure that the sample, that has to be analyzed in the laboratory for the prediction of 
the quality parameter(s) and feeding value, represents the average composition of the forage 
under investigation.  
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